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of Carotid Arteries
V. Berczi,1*, M. Randall,2 R. Balamurugan,1 D. Shaw,1
G.S. Venables,2 T.J. Cleveland1 and P.A. Gaines11The Sheffield Vascular Institute, Northern General Hospital, and 2Department of Neurology, Royal
Hallamshire Hospital, Sheffield, UKPurpose. To retrospectively review the safety of arch aortography and compare complication rates with published figures for
selective catheter angiography.
Methods. The medical records of patients undergoing arch aortography over the last 3 years (nZ311; 180 male, 131 female;
meanGSD age 71.0G9.2 years, range 42–90 years) were retrospectively reviewed. Any peri-procedural (0–48 h)
complications were recorded. A certified neurologist (MSR/GSV) classified all questionable neurological events.
Results. There were no focal neurological events or deaths (nZ0; 0%; CI: 0–0.96%). Non-focal neurological events
included mild disorientation (nZ2; 0.6%; CI: 0.176–2.31) and unequal pupils (nZ1; 0.3%; CI: 0.056–1.79%).
Cardiovascular events included symptomatic hypotension (nZ4; 1.3%; CI: 0.50–3.25%), angina (nZ1; 0.3%; CI: 0.056–
1.79%) and arrhythmia (nZ4; 1.3%; CI: 0.50–3.25). There were 27 minor access site complications (8.7%; CI: 6.0–12.3).
None of these complications extended hospital stay. None of the arch angiograms had to be followed by selective carotid
angiography.
Conclusion. Arch aortography appears to have a lower neurological complication rate than selective carotid angiography.Keywords: Carotid artery diagnosis; Arch aortography; DSA; Neurological complications; Carotid angiography.Introduction
Both the NASCET and ECST collaborative groups have
established the benefits of carotid artery endarterect-
omy as part of a strategy of secondary stroke
prevention.1,2 Angiographic assessment of carotid
artery stenosis formed the basis for entry into these
trials. Angiographic assessment in ECST used either
selective or arch angiographic techniques.3 Duplex
carotid ultrasound in combination with magnetic
resonance angiography (MRA) has been shown to
approximate well with angiography, but does have
limitations when selecting suitable candidates for
carotid artery stenting in randomised controlled trials.4
In prospective studies which include 1000 or moreAssociation of British Neurologists, 30 March–1 April
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cation rate for selective carotid angiography has been
shown to be 1.6%.5 Our institution carries out
approximately 100 procedures a year to assess carotid
stenosis prior to stenting or carotid endarterectomy.
We have not found any published series detailing the
neurological complication rate of purely arch aorto-
graphy. Two small series published a decade ago
focused on the diagnostic success of selective and non-
selective carotid angiography,6,7 not the complication
rates.
Arch angiography has previously been used as the
only invasive investigative technique prior to surgery.3
Therefore, we did not compare diagnostic accuracy to
other modalities in this study. In our centre, the
principal reason for the arch angiogram is to assess
the origin of the major arch branch vessels and also the
topography (tortuosity) of the carotids. This infor-
mation is not reliably available from magnetic reson-
ance images. The sole purpose of this study was to
assess the safety of arch aortography, a less invasive
version of the gold standard selective carotid imaging.Eur J Vasc Endovasc Surg 31, 3–7 (2006)
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The project was carried out with the approval of the
institutional audit review process. The authors
performed a retrospective review of all patients
undergoing arch aortography for assessment of
carotid artery stenosis between January 2001 and
June 2004. Angiograms were performed with single-
plane digital subtraction angiography (DSA) (Philips,
Best, Holland) at two hospital sites by four consultant
radiologists or supervised trainees. Angiographic
technique did not differ significantly during the
study period. All procedures were performed via a
femoral approach following 1% Lidocaine (Hameln
Pharmaceutical Ltd, Hameln, Germany) local anaes-
thesia. A 5F pigtail catheter (Cordis Europa N.V.,
Roden, The Netherlands) was introduced into the
descending aorta on a J-guidewire (William Cook
Europe, Bjaeverskov, Denmark) where the pigtail was
formed and the catheter flushed with heparin/saline
(2500 U heparin in 500 ml saline). A three-way stop-
cock was used with the pigtail catheter. Then the
pigtail was advanced to the ascending aorta until it
reached the level of the right main bronchus. Selective
carotid catheterisation was not performed in any of the
cases. Routinely, five runs were completed (AP 38 cm
field, RAO and LAO 40–458 38 cm field, RAO and LAO
70–758 31 cm field). The contrast medium used was
iopromide (Ultravist 370, Schering, Burgess Hill, West
Sussex, UK) or iodixanol (Visipaque 320, Amersham
Health, Oslo, Norway) with an injection rate and
volume of 20–30 ml/s and 35 ml, respectively. Manual
compression at the puncture site for 7–15 min was
performed at the completion of all procedures.
A neurological complication was defined as any
new neurological sign or symptom or worsening of a
pre-existing neurological deficit that occurred during
the procedure or the post procedure review period up
to 48 h. Neurological complications were classified as
transient if they resolved within 24 h, minor if they
lasted more than 24 h and resolved within 7 days, and
major if they persisted more than 7 days. All patients
were seen routinely before (for assessment and
consenting to arch aortography) and after (discussing
the results of arch aortography and consenting for
surgical or endovascular treatment, as appropriate)
the arch aortography by a neurologist.
A non-neurological complication was defined as
any sign or symptom occurring either locally at the
puncture site or systemically within 24 h of the
procedure. Haematomas at the puncture site were
classified as minor if they were less than 5 cm in
diameter (assessed by clinical examination) and major
if they were greater than 5 cm in diameter and/orEur J Vasc Endovasc Surg Vol 31, 1 2006caused delayed discharge. Operative and post-oper-
ative complication data was obtained from the
patient’s medical records. Review of the notes was
independent of the original operator. Entries in
medical, nursing and operative notes were examined
for possible complications. A certified neurologist
(MSR/GSV) classified all questionable neurological
events that were found. Entries relating to access site
complications, neurological events and cardiovascular
episodes were considered in the analysis.
Confidence intervals for small numbers of events
were calculated using the SCORE method for a
binomial distribution.8 For the calculation of 95%
confidence interval for adverse events that have not
yet occurred, the Hanley formula was used.9,10Results
In total 311 procedures were reviewed (180 male, 131
female). The age range of the patients was 42–90 years
with a meanGSD age of 71.0G9.2 years. Ninty seven
percent of the patients had symptomatic carotid artery
stenosis (59% right side, 41% left side) and 3% of the
patients were awaiting coronary artery bypass sur-
gery. Treatment decisions were based in all cases on
the diagnostic information of the arch aortogram and
the routine duplex scan; no additional diagnostic
examinations were necessary in any of these cases.Complications of arch aortography
Table 1 shows the list of neurological and other (access
site, cardiovascular) complications that occurred
during or following arch aortography.Neurological complications
No TIAs, major or minor strokes, or deaths occurred.
Two patients (0.6%, CI 0.176–2.31) were noted to be
mildly confused but with no focal neurology following
the angiogram (Table 1). One patient (0.3%, CI 0.056–
1.79) had unequal pupils 1 h following the procedure,
which recovered spontaneously.Cardiovascular complications
Cardiovascular complications, including angina,
arrhythmia and symptomatic hypotension, occurred
in 9 (2.9%, CI 1.5–5.4) patients (Table 1). One of the
patients who suffered symptomatic bradycardia had
undergone a new technique of rotational arch
Table 1. Complication rates of arch aortography
Number of
events
% CI 95% Time event occurred
!1 h 1–6 h 6–24 h O24 h
Focal neurological events
TIA 0 0.0 0–0.96*
Nondisabling stroke 0 0.0 0–0.96*
Disabling stroke/death 0 0.0 0–0.96*
Non-focal neurological events
Mild disorientation 2 0.6 0.176–2.31 1 1




4 1.3 0.50–3.25 2 2
Angina 1 0.3 0.06–1.79 1
Arrhythmia 4 1.3 0.50–3.25 4
Access site
Minor 27 8.7 6.0–12.3 7 19 1
Major 0 0.0 0–0.96
Total 39 12.5 9.56–16.99 15 23 0 1
Confidence intervals for small numbers of events were calculated using the SCORE method for a binomial distribution (4). For all percentage
calculations, denominator is the total number of patients (nZ311). Abbreviations: CI, confidence interval; TIA, transient ischemic attack.
* The Hanley formula was used (5,6) to calculate 95% confidence interval for adverse events that have not yet occurred.
Safety of Arch Aortography 5angiography where a large volume (105 ml at a speed
of 20 ml/s) of contrast medium was injected into the
ascending aorta.11Other complications
There were 27 minor puncture site haematomas as
indicated by thorough post-procedure check-ups by
the trained vascular nurses. None of these resulted in
any additional treatment or prolonged hospital stay.
None of the patients developed renal failure as a
consequence of angiography.Discussion
Non-invasive imaging of the cervical vessels has
dramatically improved during the past decade. Selec-
tive cerebral angiography, however, continues to be
used for the examination of patients with cerebrovas-
cular disease. Despite the advances including smaller
catheters, digital imaging systems and safer contrast
agents over the past decade, the incidence of neuro-
logical complications from selective carotid angiogra-
phy rightly justifies a shift to more non-invasive
imaging in place of catheter angiography.5,12–14 How-
ever, limitations of the other imaging techniques need
to be taken into account when planning carotid
stenting.
Carotid duplex ultrasound (US) is non-invasive,
cheap and widely available in comparison to other
imaging modalities. For detection of occlusion it has
excellent sensitivity (96%) and specificity (100%).However, sensitivity and specificity for diagnosing a
stenosis of between 70–99% rarely reaches 90% in a
review of 63 publications.4 Duplex ultrasound is
operator dependent; it is also poor at differentiating
sub-occlusion from complete occlusion and detecting
high carotid lesions; the origin of the arch branches or
the circle of Willis cannot be directly assessed by
ultrasound.4,14
Magnetic resonance angiography avoids the risks of
catheter-related embolic events, iodinated contrast
nephrotoxicity, allergic reactions, and the use of
ionising radiation. MRA does have its limitations
with sensitivity and specificity values of 92–98 and 76–
90%, respectively, for diagnosing 70–99% carotid
stenosis.4,15 There is also a tendency for MRA to
overestimate stenoses in comparison to conventional
digital subtraction angiography, although this may be
partially explained by the greater number of projection
images available at MRA.16 In some centres, MRA and
ultrasound have replaced DSA to assess suitability for
carotid endarterectomy in the majority of patients.
Computed tomography angiography (CTA), a new
and minimally invasive method of visualising both
intracranial and extracranial arteries can be used
alone or in combination with US in the diagnosis of
ICA stenoses. Sensitivity and specificity when
compared to DSA is between 85–100 and 63–100%,
respectively.14,17,18 More recent studies have also
concluded that 13–15.6% of the patients would have
been selected for carotid endarterectomy incorrectly
if they were examined only by US and CTA.19,20
Multislice CTA, which promises to be better, has only
recently become available routinely.21 The technique
still requires ionising radiation and the use ofEur J Vasc Endovasc Surg Vol 31, 1 2006
V. Berczi et al.6potentially nephrotoxic contrast medium, which limit
its benefits over conventional angiography.
The limitations of these imaging techniques must be
considered in light of the complication rates inherent
in catheter angiography. The combined transient/re-
versible and permanent neurological complication
rate of selective cerebral angiography varies between
0.4–12.2 and 0–5.4%, respectively.5 In prospective
studies of 1000 or more procedures, the combined
transient and reversible neurological complication rate
was 0.4–2.3% (mean 1.3%), the permanent neurologi-
cal complication rate 0.1–0.5% (mean 0.3%), and the
mean overall (combined transient and reversible as
well as the permanent) rate 1.6%.5,22–25 The NASCET
group suggest that the risk of major stroke or death
due to angiography should be no more than 1%.1 The
ACAS group calculated a 1.2% arteriogram risk.26
The most common cause proposed for neurological
complications of cerebral angiography is thromboem-
bolism from catheters or guidewires. It is suggested
that thrombus forms inside the catheters during
manipulation of the guide wire or during guide wire
withdrawal into the catheter, leaving blood to stagnate
in this dead space. Thromboembolism may also occur
due to disruption of atherosclerotic plaque by the
catheter or guide wire during manipulation. Two
studies23,24 revealed that the use of an increasing
number of catheters leads to an increased number of
neurological complications. However, two other
studies5,25 did not confirm this theory. The only
manipulation performed in our practice in the
ascending aorta and aortic arch is forwarding the
flushed 5F pigtail catheter. Neither selective catheter-
isation, nor guide wire manipulation is performed
with our technique in the ascending aorta or aortic
arch. The lack of focal neurological complications
demonstrated in this study may be attributed to this
minimal manipulation and to the lack of dead space in
the flushed catheters. Non-selective cerebral angio-
graphy also helps to decrease procedure time reducing
the patients overall exposure.
Factors previously shown to increase the rate of
neurological complications are age, previous ischemic
stroke, cardiovascular disease, and length of pro-
cedure.5,23–25 The neurological complication rate of
cerebral angiography has been reported to be lower in
the hands of more experienced angiographers;12,27
however, other studies5,25 have not confirmed these
findings. With our minimal manipulation technique,
neurological complications did not occur even in
patients in the proposed higher risk category.
Limited data on local and systemic complications is
available and where published the results are dis-
parate. Puncture site complications of 0.4–14% andEur J Vasc Endovasc Surg Vol 31, 1 2006systemic complications up to 2.2% have been
reported.5,28 In our study, neither cardiovascular
(2.9%) nor local complications (8.7%) resulted in
extended hospital stay. One patient who suffered a
cardiac arrhythmia had undergone a new imaging
technique. After a second adverse cardiac event (not
performed for carotid diagnosis), rotational arch
angiography has been discontinued at our centre.11
All symptomatic patients are referred to angiogra-
phy following routine duplex scan and neurological
assessment. Arch angiography is performed in our
centre to confirm the duplex findings and also to plan
the carotid intervention procedure. Inappropriate
stenting attempts on patients with diseased arch
branch origins increase the risk of embolic compli-
cations from the stenting procedure. The major
limitation of our study is its retrospective nature.
Data is now being collected prospectively.
In summary, the major finding of our study is that
arch aortography appears to have lower neurological
complication rate than selective carotid angiography.
Arch aortography may be the gold standard modality
for evaluating arch branches and carotid bifurcations
until MRA or CTA techniques become more reliable.Acknowledgement
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